Introduction
Fibromyalgia (FM) is a central sensitivity syndrome that comprises chronic musculoskeletal pain, cognitive dysfunctions (ie, attentional capacity and memory), fatigue, sleep disorders, and circadian rhythm disturbances. 1 Major depression disorders (MDDs) and FM share neurobiological foundations, proving that emotional and noxious processing systems are intricate and overlapping. 2 Incidentally, central sensitization syndrome (CS) has been extensively addressed as a mechanism underlying the occurrence 8 The relationship between insomnia as a comorbidity with depression and chronic pain conditions is organically intertwined. 2 Disruption of melatonin secretion is a potentially important route for the onset and aggravation in patients with FM and depression and is involved in a complex bidirectional relationship between chronic pain and MDD. 9 Thus, the comorbidities of pain and depression may affect response and engagement with treatment. Despite ongoing research, the exact etiology, diagnosis, and optimal treatment for these patients are not yet established.
Likewise, FM and MDD share several common symptoms linked to the hypothalamic-pituitary-adrenal (HPA) axis and autonomic dysregulation systems for stress regulation, and their physiological markers are commonly found in FM and MDD. 10, 11 Cortisol and melatonin are two hormones that regulate the 24-hour pattern of bodily functions. 12 Melatonin is centrally secreted by the pineal gland and exhibits a secretory rhythm with well-defined onset and offset phases in both animals and humans 13 with circulating concentrations high at night and lower during the day. It is a primary circadian pacemaker quantifiable by measuring 6-sulfatoxymelatonin (aMT6s), which is its major metabolite excreted in urine. Urinary aMT6s reflects the amount of circulating melatonin related to the period between the prior urine void and the subsequent urine sample. 14 The aMT6s level is stable over time 15 and measured via well-proven and reliable techniques. It has greater reliability to measure circadian phase position over other circadian markers (ie, core body temperature and cortisol) because the melatonin concentration remains relatively uninfluenced by external factors such as stress, physical activity, and excessive carbohydrate intake. In contrast, these factors can mask the cortisol and core body temperature. 16, 17 Actually, melatonin acts as a chemical code of the biological clock and can be a biomarker to comprehend the impact of circadian disruption on neurophysiological, behavioral, and metabolic processes.
During the hours of darkness, some studies found a lower melatonin secretion in FM patients compared to controls, which may contribute to worse sleep at night, daytime fatigue, and higher pain perception. 18 In the same way, a study found a phase shift by observing an increase in melatonin from the night to the morning in subjects with unipolar depression, while a decrease from the night to the morning was seen in the control group. 19 At present, the results related to the amount of melatonin secretion during daytime hours in FM and MDD, compared to controls, are mixed. However, some studies found lower levels of serum melatonin, 18, 20 while other similar studies did not see these differences. 19, 21 Thus, urinary aMT6s is a reliable measure that can help to comprehend the relationship between the circadian disruption of melatonin secretion with MDD and FM symptoms. In the same way, it can instigate the investigation regarding the relevance of therapeutic approaches that improve the biological rhythms in clinical settings to treat MDD and FM (ie, use of exogenous melatonin).
This cross-sectional exploratory study was conducted to answer two questions: 1) to compare urinary aMT6s rhythm across 24 hours among FM, MDD, and healthy control (HC) groups and if this rhythm is correlated with depressive symptom levels. To answer this question, we compared the rhythm of urinary aMT6s secretion among groups in four time series: morning (06:00-12:00 hours), afternoon (12:00-18:00 hours), evening (18:00-24:00 hours), and night (24:00-06:00 hours). 2) In the FM group, we assessed if urinary aMT6s secretion rhythm is associated with pain severity, sleep quality, number of trigger points (NTPs), and the pain pressure threshold (PPT).
Patients and methods

Design, settings, and participants
The criteria for inclusion and exclusion of the three groups (FM, MDD, and HC) are presented in Figure 1 . The protocol of this cross-sectional study was reviewed and approved by the Ethics Committee Board of the Clínicas Hospital de Porto Alegre (Institutional Review Board IRB 0000921) following the Declaration of Helsinki. All individuals gave oral and written informed consent before participation.
This sample comprised outpatient adult females, aged 18-65 years who can read and write. FM subjects were recruited by directly contacting them from the institutional chronic pain clinic. Also, both FM and MDD were referrals from Basic Health Unit at Hospital de Clínicas de Porto Alegre. If subjects met the inclusion criteria based on the results of a screening questionnaire by phone, they were invited for medical evaluation, medical history collection including a detailed description of their symptoms to confirm the diagnosis by standardized criteria presented in Figure 1 . A variable work schedule (ie, shift work) was an exclusion criterion as well as transmeridional travel during the month preceding the study. None of the subjects were in their menstrual period.
The diagnosis for FM and MDD groups were performed by standard assessment protocols applied by physicians with more than 10 years of experience in pain or psychiatric care, respectively. We included outpatients with their first episode of MDD who received medical care, but they did not use antidepressant or other psychotropic medications within the last month. In the same way, those included in the FM group could not have used antidepressant, anticonvulsant, or benzodiazepine medications within the last month since medicines can reduce melatonin secretion at night. The inclusion and exclusion criteria according to each group are presented in Figure 1 .
Volunteers were recruited from the general population by advertisement postings in the universities and in public places in the Porto Alegre area. They were carefully screened by phone to answer a structured questionnaire to ensure that they were healthy and free of medicines and drugs, and had no history of psychiatric disorders. They were excluded if they presented scores higher than 13 on the Beck Depression Inventory.
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Outcomes
The primary outcome was comparing the rhythm of urinary aMT6s secretion over a 24 hours period in FM, MDD, and HC Figure 1 (A) The measurement of 6-sulfatoxymelatonin (aMT6s) urinary in four time series: morning (06:00-12:00 hours), afternoon (12:00-18:00 hours), evening (18:00-24:00 hours), and night (24:00-06:00 hours). (B) The flow of the study with the inclusion and exclusion criteria of the three groups: depressive patients, fibromyalgia, and healthy subjects. (C) Assessments of fibromyalgia symptoms (pain symptoms, sleep quality, number of trigger points and pain threshold) to correlate with aMT6s urinary secretion across daytime. This instrument consists of a semi-structured diagnostic interview created from DSM-IV. The answers will identify the presence or absence of the symptoms, scored according to the judgment of the evaluator. It is composed of 10 modules, which can be used in a combined or independent way. In the study, the "A" module was used to diagnose mood episodes (bipolar and major depressive disorders).
The translation and adaptation of this clinical interview into the Portuguese language present, in general, good reliability for mood disorders. 24 
Depressive symptoms
The Hamilton Depression Rating Scale (HDRS) based on 21 questions was used to measure depressive symptoms; the score ranges from 0 to 62. 25 The HDRS item varies from 0 to 2 or 0-4. Total score of 0-7 is considered normal, and ratings equal to 20 or higher indicate moderate to severe depression. The adapted version for the Brazilian population showed an adequate capacity to discriminate individuals with depressive symptoms. The area under the curve (AUC) was 0.97 (95% CI, 0.94-0.99) 26 and the Cronbach's alpha reliability coefficient was 0.78. The reliability coefficients in the Brazilian version are similar to that of the pooled mean for the alpha coefficient found in a random effects model of a meta-regression analysis 0.79 (95% CI 0.77-0.81). 27 Assessments of sleep quality, disability, and PPT
In the FM group, additional measurements were taken to assess specific symptoms. These measures included the Pittsburgh Sleep Quality Index (PSQI) to evaluate sleep quality. 28 The Fibromyalgia Impact Questionnaire (FIQ) was applied to assess the set of symptoms that comprise FM. 29 It consists of 10 domains, and the maximum possible score is 100. Taking into account that FM patients usually uses rescue analgesics at irregular intervals from week to week according to their pain level, for data analyses, we included the analgesic use as a dichotomous variable: the analgesic use of more than 4 days per week or the analgesic use equal to or less than 4 days per week.
To assess PPT, we asked patients to differentiate the perception of the pressure of the "onset of pain perception." They were instructed to report verbally as soon as the perception of pain began. The electronic algometer (J Tech Medical Industries, Greenwich, CT, USA) consists of a 1-cm 2 hard-rubber probe to apply over all of the tender points. The NTPs were determined using the PPT in the predefined areas by the American College of Rheumatology for FM criteria. 30 The average of three successive readings at intervals of 3-5 minutes established the values of the PPT in kgf/cm 2 (lb/cm 2 ).
assessment of urinary aMT6s
The collection of urine samples and clinical evaluation follow a standardized protocol. 19, 31 All participants were instructed to avoid any conditions that could expose them to bright light at night and between bedtime and the onset of sleep during the week they collected urine. They were instructed to certify adhesion to the research protocol regarding to their urine collection during an individual session with a physician in whom written guidance was supplied. In addition, on the day of urine collection, the physician queried regarding compliance to the protocol execution.
Participants were instructed to void their bladders upon rising in the morning, and they continued to collect all of their urine during the next 24 hours, including the complete sample produced the following day. It was not necessary to empty the bladder at exact times. However, we asked them for the date and time records when bladder emptying occurred. This measure was taken so that samples from each patient could be grouped into specific time periods. Each urine sample was collected in different vials (25 mL plastic containers), and all the samples were collected from the patients' homes on the second morning by a team researcher. They were appropriately transported and immediately delivered to the laboratory. We obtained urine aliquots from each container. The stipulated volume of each aliquot was proportional to the amount of urine produced in that specific period. Next, aliquots from each patient were pooled together according to the time of voiding in four time series as follows: morning (06:00-12:00 hours), afternoon (12:00-18:00 hours), evening (18:00-24:00 hours), and night (24:00-06:00 hours). Finally, aliquots of urine were transferred into plastic bottles and centrifuged (2,000 g, 5 minutes), and the supernatant stored at −80°C until assay to be performed. If any part of the sample presented incomplete micturition, we decided to exclude it. The collection procedures were the same for all groups.
The concentration of aMT6s in the pooled samples (allocated into four time points as previously described) was determined by enzyme immunoassay (Bulhmann ELISA kit; AlPCO Ltd, Windham, NH, USA) using a microtiter plate reader (450 nm, Micronal B, 380), according to a previous protocol. 19 The assay presented a sensitivity of 0.35 ng/mL. We set the interassay variability at 7.3% for aMT6s levels above 3.5 ng/mL, and the creatinine concentration was measured by the Jaffé method. This creatinine concentration was used as the reference to determine the aMT6s concentration 32 determined in nanograms per milligram of creatinine. The AUC was used to determine the total amount of aMT6s excreted by each patient in 24 hours. Also, we summed the amount of aMT6s by each specific 6 hours intervals. According to literature, aMT6s shows itself as a remarkable biomarker since its levels represents 90% of the melatonin released by the pineal gland. Thus, the urinary aMT6s/creatinine ratio is an indicator of nocturnal melatonin secretion. 13 
efforts to address potential sources of bias
To reduce assessment bias, only one researcher was involved in all the assessments except the SCID-II, which in turn was applied by one psychiatrist. The evaluator that applied the clinical scales and PPT assessment is a physician with vast experience at the pain clinic outpatients' care. The algometer used (J Tech Medical Industries) was calibrated and was acquired from a recognized provider in Brazil.
statistical analysis
To assess if the data presented a normal distribution, we used the Shapiro-Wilk test. First, we identified factors that could change the aMT6s secretion load throughout the day (Table 1 MDD, and HC) . We conducted the GEE with an exchangeable working correlation to account for the relationship between the aMT6s from a single participant in each time point. In the final models, interactions among the factors and time were also examined. Age was included as a covariate in the model because HCs are younger than FM and MDD patients, and it is biologically plausible that the decline in melatonin secretion is age-related. 33 To identify the source of significant differences and to adjust for multiple comparisons, the Bonferroni's test was used.
We used the Spearman's rho coefficient to assess the relationship between the aMT6s secretion load at the particular time points: morning (06:00-12:00 hours), afternoon (12:00-18:00 hours), evening (18:00-24:00 hours), and night (24:00-06:00 hours) with symptoms associated with FM (sleep quality, depressive symptoms, NTPs, and QIF score) and with the PPT primary outcome. After confirming the corresponding assumptions, a final multivariate linear regression model was performed to adjust for multiple comparisons between the independent variable (ie, aMT6s at specific time points 06:00-18:00 hours). We selected aMT6s at the particular time point 06:00-18:00 hours because a higher level of melatonin during daytime hours indicates a phase delay of melatonin secretion. The dependent variables were pain measures (FIQ and PPT), depressive symptoms (HDRS), and sleep quality (PSQI). All analyses were adjusted by multiple comparisons using the Bonferroni's Multiple Comparison Test. 25 To analyze the data we used the software SPSS version 22.0 (IBM Corporation, Armonk, NY, USA).
Results
Patient characteristics: MDD, FM, and controls
The demographic characteristics, depressive symptoms, and the daily load of aMT6s secretion are presented in Table 1 . The analysis showed that compared to controls, both MDD and FM groups are older and they presented higher scores on the HDRS. However, the Kruskal-Wallis test showed that there is no difference in the total load of the aMT6s between the groups (HC, MDD, and FM).
assessment of melatonin secretion rhythm assessed by aMT6s in FM, MDD, and hc Table 1 shows a statistically significant difference between FM and MDD patients compared to HC related to age and depressive symptoms. Thus, their possible confounding effect in aMT6s secretion was examined by the GEE model ( However, the analysis of the interaction between age and time points over 24 hours showed that older subjects presented a higher level of aMT6s during daytime hours between 12:00-18:00 hours (Table 2) .
Also, the GEE model revealed that there is a statistically significant difference in aMT6s secretion level over 24 hours (χ 2 =26.09, df =3; P=0.001), and this difference persisted even when we examined the relationship between the time points across the day by group (χ 2 =4.61, df=3; P=0.001). The result showed an onset delay of aMT6s secretion in FM and MDD (Figure 2) .
In FM subjects, the daytime pattern of aMT6s secretion (06:00 to18:00 hours) was 0.27 ng mL -1 , and the aMT6s secretion during 24 hours was 0.65 (0.92) ng mL -1 , that is, 41.54% of the daily secretion load occurred during the day. In the sample of patients with MDD, the daytime aMT6s secretion (06:00-18:00 hours) was 0.34 (0.34) ng mL -1 and the aMT6s secretion during 24 hours was 0.56 (0.89) ng mL -1 , that is 60.71% of the daily secretion load occurred during the day. In the HC, the daytime aMT6s secretion (06:00-18:00 hours) was 0.17 ng mL -1 , the aMT6s secretion over 24 hours was 0.82 (0.97) ng mL -1 , and the secretion of aMT6s during the daytime was 20.73%. In MDD and FM the daytime pattern of aMT6s secretion (06:00-18:00 hours) was analysis of the association between the circadian rhythm of aMT6s secretion with FM symptoms
The demographic and clinical characteristics of the FM group are described with more details in (Table 4) were subsequently entered as dependent variables in the multivariate linear regression model. The aMT6s (06:00-18:00 hours) during daytime hours was entered as the independent variable. The PPT logarithmic transformation was entered as the dependent variable. After adjusting for multiple comparisons using the Bonferroni test, we observed a significant negative correlation between the PPT (log), with aMT6s secretion at time interval 06:00-18:00 hours. However, the aMT6s secretion at 06:00-18:00 hours was positively associated with the HDRS, the sleep quality and the NTPs (Wilks' λ=0.36, F=4.26 P=0.001, partial η 2 =0.64). The results of this adjusted multivariate model are presented in Table 5 . They showed that the disruption of melatonin circadian rhythm is a factor associated with the severity of FM symptoms.
Discussion
These findings confirm our hypothesis that there is a disruption of melatonin circadian rhythm secretion in MDD and FM subjects compared to HC. Besides, they reinforce our hypothesis that a higher load of melatonin secretion during daytime hours (06:00-18:00 hours) is positively correlated with the severity of HDRS in those with FM and MDD. In FM subjects, the daytime melatonin secretion was negatively correlated with the PPT. However, a substantial aMT6s secretion during daytime hours (06:00-18:00 hours) was positively associated with the scores on the PSQI and with the NTPs. Overall, these findings indicate that a higher load of melatonin secretion during daytime hours makes subjects prone to show higher rates of depressive symptoms in FM and MDD subjects. Also, those with FM The current findings highlighted that a more significant load of aMT6s secretion during daytime hours (06:00-18:00 hours) might be a factor that underpins the physiopathology of FM and MDD. Besides, it suggests that despite the total amount of daily aMT6s secretion not having been statistically different from the HC, this disruption in the physiological rhythm is associated with the severity of depressive symptoms. Hence, it can help clinicians plan a more effective time schedule for the administration of melatonin to improve the symptoms related to FM and MDD. In addition, these findings may reflect a chronic stress condition, which can be a mechanism behind melatonin secretion disruption since a hyperactivation of the sympathetic system is a pathophysiological mechanism observed in both FM and MDD, as well as is part of the prolonged and sustained glucocorticoid stress-related secretion. Likewise, the alteration in rhythmic melatonin secretion likely plays a vital role developing and maintaining a dysfunctional vicious cycle of stress-related disorders. Also, the impairments of the rhythmic secretion of melatonin, in turn, affect the information transmitted to brain areas that regulate the limbic-HPA and sympatheticadrenergic-noradrenergic systems because high levels of melatonin receptors exist in the hippocampus and it is an essential regulator of both. 34 The present findings corroborate data related to disruption of melatonin secretion rhythm as part of FM and MDD. Taking into account that the urinary aMT6s secretion corresponds to 90% of melatonin produced by the pineal gland, 32 it is plausible that the loss of the regular day/night cycles (circadian rhythms) lead to a central role in the pathogenesis of these disorders. However, based on our findings, we cannot define if a persistent the high level of urinary aMT6s during the daytime is an expression of the sympathetic system hyperactivation as a primary compensatory mechanism or consequent to a secondary mechanism involving the pathophysiology of chronic pain and depression. If we assumed that urinary aMT6s is an indirect measure of sympathetic activity, it is possible to suppose that in FM and MDD, relentless sympathetic hyperactivity exists throughout 24 hours. Hence, it makes one more prone to desynchronize the 
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caumo et al melatonin secretion to environmental timing cues, and this is associated with clinical symptoms commonly observed in MDD and FM, such as worse sleep quality. Although this seems an apparent paradox (sympathetic hyperactivity with hypo-reactivity), this is a physiological response in agreement with the fundamental physiological principle that chronic hyperstimulation of β-adrenergic receptors leads to receptor desensitization and downregulation. 34 Thereby, the present findings can help to improve the comprehension of the mechanism involved in the cascade of the events secondary to the disruption of sleep/wake cycle, as well as to link them to clinical symptoms observed in chronic pain and depression.
Another possible mechanism to explain the higher level of aMT6s during daytime hours (time point 06:00-18:00 hours) when physiologically we would be expected to find lower levels of aMT6s is the synthesis of melatonin in multiple extra-pineal sites. Even though we do not have consistent data to sustain this hypothesis and, until now, the literature is scarce and the described physiological mechanisms are elusive, this is a possible explanation to justify the more massive load of the daytime melatonin secretion observed in FM and MDD. This argument finds plausibility of the literature data indicating that melatonin concentrations in the extra-pineal sites exceed those in the blood (ie, brain, retina, airway epithelium, gastrointestinal tract, liver, kidney, thyroid, pancreas, immune system cells, etc). 35 Although the extra-pineal melatonin secretion is a complicated process and not wholly understood, inputs of neural, endocrine, and paracrine sources participate in the regulation of melatonin synthesis and release. In this sense, it is plausible that the extra-pineal melatonin synthesis may reflect an adaptive mechanism to maintain a homeostatic equilibrium among all organs and tissues. However, we need to realize that we found a high level of urinary aMT6s during daytime. However, this finding does not allow determining the origin of this melatonin's metabolite. Indeed, it is possible to affirm that in FM and MDD, a displacement of the secretory process of melatonin in the course of 24 hours is observed, which indicates a desynchronization of melatonin secretion with the light-dark cycle.
The present findings showed that in FM and MDD there is a higher melatonin secretion during daytime hours (06:00-18:00 hours) that was associated with a higher level of depressive symptoms. Among FM patients, the more substantial number of trigger points correlates with worse sleep quality and lower PPT ( Table 4) . The relationship between the disruption in melatonin secretion and the propensity to mood disorders could be determined by direct neural input from the clock or indirect effects that may alter the neuroplasticity, neurotransmission, and clock gene expression of brain regions involved in emotion and mood regulation. 36 Our results relating to the sleep quality in FM are aligned with previous studies on chronic pain, which found a prevalence of the sleep disorders ranging from 50% to 70%. [37] [38] [39] [40] Even though the sleep disturbances can differ according to the pain syndrome, a previous study showed that 48.6% of people with chronic pain reported insomnia compared to 17.2% in those without chronic pain. 41 Also, previous studies found increased arousal and sleep fragmentation in FM compared with controls. 42 However, a bidirectional relationship exists between pain and sleep, since daytime pain is associated with reduced subsequent nighttime sleep, and poor sleep is, in turn, linked with augmented next-day pain. 43 These dysfunctional processes can amplify pain and the nervous system gaining the ability to magnify pain and losing the ability to inhibit pain.
Although our results open a way to understand the relationship between the disruptions in melatonin secretion and clinical syndromes, we need parsimony in their interpretation because the design of the current study prevents determining if the dysfunction causing the disruption of melatonin rhythm secretion is the central mechanism or if it is the hyperactivation of extra-pineal melatonin secretion or both. Although it is not feasible in clinical research to determine in-loco melatonin secretion and that the urinary aMT6s is an indirect measure, it may hold critical clinical implications such as 1) to support comprehension of the bidirectional pathways between the disruption of melatonin rhythm secretion and FM and MDD; 2) to plan further studies to assess the best therapeutic approach to adjust the rhythm of melatonin secretion as a target to improve the sleep quality, which has been unfavorably, associated with pain and depression outcomes, such as a reduced quality of life; and 3) to define strategies to manage patients with a higher risk of disruption of the wake-sleep cycle as a likely factor to improve symptoms associated with FM and MDD. 44 Also, it improves the comprehension of the therapeutic use of melatonin concerning pain, which has been demonstrated in clinical trials in several chronic pain conditions. 45 This study is an exploratory study, and it had some limitations: First, we included only females, take into account that gender differences in pain perception and modulation are controversial. Second, psychiatric disorders are a potential confounding factor in chronic pain syndromes, and even though we used multivariate analysis, our sample size is small. In fact, we found a prevalence of 44 (8/18) of psychiatric diagnosis in the FM group (ie, anxiety, depression, and another mental disease) ( Table 1) . This high prevalence can be explained because the study was performed on tertiary care consulting patients. However, it is in agreement with the range of depressive and anxiety disorders found in previous studies with FM, which ranges from 20% to 80% and 13% to 63.8%, respectively. 7 Also, we need to realize that the emotional disturbance is intrinsic to the FM. Third, a strength of this study is that our findings converge and support the hypothesis that circadian and sleep disturbances may play a critical role in the pathophysiology of mood disorders and FM. In addition, they permit to elucidate the underpinnings of the relationships between circadian rhythm disturbances, including sleep disturbances, chronic pain, and clinical mood disorders. Fourth, although we have not found the difference among groups in a load of aMT6s secretion during 24 hours, the analyses was adjusted for the age effect since HCs were younger compared to FM and MDD. Hence, it is unlikely that controls' age would modify the present findings. Fifth, even though this method does not allow exact calculation of the levels of melatonin at a specific time of the day, a higher melatonin secretion at daytime in FM and MDD may be an intrinsic mechanism of the circadian disruption on the physiopathology of FM and MDD. Finally, we need to consider that the measurement of aMT6s in urine is a practical way to measure melatonin concentration in large psychiatric populations or patients with chronic pain in a naturalistic environment.
These results suggest that the measurement of aMT6s in urine might be a reliable biomarker of the disruption in melatonin secretion rhythm in MDD and FM compared to HC. They showed that a daytime melatonin secretion is positively correlated with the severity of depressive symptoms and with FM symptoms. Besides, they help to comprehend the biological basis of these disorders, and they suggest that this simple test might identify the level of dysfunction of melatonin secretion and be useful to contribute to individualize the clinical decision-making on the selection of the best therapeutic approaches.
